The cultivation of the extremely thermophilic archaeon Thermococcus stetteri in a dialysis membrane reactor was paralleled by the production of an extremely heat-stable proteinase(s). By applying preparative sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis, an SDS-resistant proteinase was purified 67-fold in one step with a yield of 34%. The purified enzyme, which was composed of a single polypeptide chain with a molecular mass of 68 kDa, showed a broad temperature and pH profile (50 to 100؇C; pH 5 to 11). The optimal activity with substantial thermal stability was measured with casein at 85؇C and pH 8.5 to 9. Inhibition by phenylmethylsulfonyl fluoride and diisopropylfluorophosphate demonstrated that the enzyme was a serine proteinase. The enzyme displayed a relatively narrow substrate specificity, catalyzing the hydrolysis only of N-protected p-nitroanilides or p-nitrophenyl esters of basic (Arg or Lys) or hydrophobic (Phe or Tyr) L-amino acids. L-Phenylglycine amide was also attacked by the proteinase, but with a lower specificity constant. Within the detection limit, no hydrolysis of D-amino acid derivatives was observed. The catalytic efficiency of the enzyme at 80؇C (k cat /K m for benzoyl-Arg-p-nitroanilide, 10 4 ) is the same order of magnitude when compared with that of functionally similar mesophilic enzymes. The proteinase also acts as a transferase, catalyzing the acyl transfer from protected amino acid ester or amide to amino acid amide. The observed thermostability, SDS resistance, relatively narrow substrate specificity, high stereospecificity, and limited catalytic efficiency probably reflect the tighter packing of the thermostable protein molecule and its limited flexibility. This was supported by fluorescence spectra of the enzyme, mainly due to tryptophan residues, in the temperature range of 30 to 90؇C. Structural reorganization was observed at temperatures over 100؇C. The results obtained could be of relevance for the better understanding of the structure-function relationship of enzymes from extreme thermophiles and suggest possible biotechnological application of the proteinase for resolution of racemic mixtures.
The increased interest in the study of extremely thermophilic bacteria and archaea is due partly to the fact that they are considered an important biotechnological resource and their specific properties are expected to result in novel process applications (13, 19, 22, 41) . A general characteristic of the enzymes isolated from these microorganisms is their extreme thermostability. A more-detailed investigation of these enzymes is also of fundamental interest for a better understanding of the structural basis for their stabilization, specificity, and catalytic properties (24) . A number of extremely thermophilic (growth temperature, 70 to 80ЊC) and hyperthermophilic (growth temperature, 85 to 105ЊC) microorganisms have been found to form extremely heat-stable enzymes (46) . These include starch-hydrolyzing, cellulytic, and proteolytic enzymes (3, 8, 29, 31, 34) . Few enzymes, however, have been purified and studied in detail. The amylolytic enzyme systems of Pyrococcus woesei and Pyrococcus furiosus have been studied extensively and show remarkable properties in comparison with those of the enzymes from their mesophilic counterparts (30, 31) . Furthermore, the genes encoding the archaeal ␣-amylase and pullulanase have been cloned and expressed in Escherichia coli (33, 44) . The formation of heat-stable proteinases seems to be widely distributed among extremely thermophilic and hyperthermophilic microorganisms. Heat-stable proteinases have been detected in microorganisms which belong to the genera Pyrococcus, Thermococcus, Desulfurococcus, and Sulfolobus (7, 15, 16, 29, 36) . Most of the enzymes formed seem to be bound to the cells, belong to the serine type, and be active in very broad pH and temperature ranges (7, (9) (10) (11) (14) (15) (16) . Little information, however, is available on their purification and properties. In this report, we present data on the cultivation, purification, and characterization of an extremely thermostable proteinase from Thermococcus stetteri. Specifically, we found that the sodium dodecyl sulfate (SDS) stability of the enzyme can be utilized for its purification. We also studied the sequence specificity and stereospecificity, the catalytic efficiency, and the temperature-and SDS-induced unfolding for comparison with these characteristics of functionally similar mesophilic enzymes.
MATERIALS AND METHODS
Chemicals and reagents. Electrophoresis reagents, organic solvents, and casein were from Merck (Darmstadt, Germany). L-and D-Phenylglycine amide (phenylglycine-NH 2 ) were kindly provided by P. B. Poulsen (Novo Nordisk, Bagsvaerd, Denmark). Proteinase inhibitors, marker proteins, and all other chemicals (analytical grade) were obtained from Sigma (Deisenhofen, Germany).
Growth conditions and protein solubilization. The anaerobic extremely thermophilic archaeon T. stetteri (DSM 5262) was obtained from the German Collection of Microorganisms and Cell Cultures (Braunschweig, Germany). The cells were grown anaerobically (21) at 75ЊC and pH 6.5 on a sulfur-free complex medium with the following composition (with concentrations in grams per liter given in parentheses): CaCl 2 (0.60), KCl (0.38), KH 2 PO 4 (0.10), K 2 HPO 4 (0.30), (25) , resazurin (0.001), NaHCO 3 (1) . This medium also included a 1-ml/liter trace element solution (51) and a 10-ml/liter vitamin solution (42) . Batch cultivation was performed in 2-liter foil reactors (Bioengineering, Wald, Switzerland) with a working volume of 1.6 liters. The cultures were gassed with N 2 -CO 2 (80:20) at 0.3 vvm and 75ЊC. Dialysis batch cultivations were performed in a Bioengineering membrane reactor with a 42-m cuprophan dialysis membrane (Enka, Wuppertal, Germany). The medium in the outer chamber (working volume, 4 liters) could also be exchanged by the pumping of fresh medium under anaerobic conditions. A detailed description of the reactor has been given elsewhere (38) .
The solubilization of the cell-bound proteinase was performed with 3-[(3-cholamidopropyl)-dimethyl-ammonio]-1-propanesulfonate (CHAPS; 5 mM) or urea (2.5 M). The medium was then centrifuged, and the supernatant was concentrated 1,000-fold with a cross-flow system with a 10-kDa cutoff (Heraeus Sepatech, Osterode, Germany). The ultrafiltrate was dialyzed against 50 mM phosphate buffer (pH 7.5).
Preparative SDS-PAGE. The extracellular proteinase from the supernatant was purified in one step by preparative SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The separation was performed in a cylindrical SDS-polyacrylamide gel (3.7 by 10 cm; 0.1% SDS, 7.5% acrylamide) covered with a 1-cm collection gel (0.1% SDS, 4% acrylamide) by use of a Prep-Cell-Unit (model 491; Bio-Rad, Munich, Germany) as described in the manufacturer's instructions. The electrophoresis buffer contained 0.3% Tris-HCl, 1.5% glycine, and 0.1% SDS. The sample was treated with sodium phosphate buffer (10 mM, pH 7.0) containing 2% SDS and 3% (vol/vol) 2-mercaptoethanol. For elution of the samples, sodium phosphate buffer (25 mM, pH 6.0) was used. Samples of 3.5-ml volumes were collected, pooled, and concentrated with an Amicon membrane with a 10-kDa cutoff. The purified enzyme was stored at 4ЊC without any activity loss over several months.
Protein assay and proteolytic activity. Protein was determined by the method of Lowry et al. (37) , with bovine serum albumin as the standard. For a very low protein content, a spectrophotometric method (47) was used. The proteolytic activity was determined by a modification of the method of Kunitz (32) , as follows. The reaction mixture was incubated for 15 to 60 min at 80ЊC. The reaction was stopped by the addition of an equal amount of 10% (wt/vol) trichloroacetic acid and was kept at room temperature for another 30 min. After centrifugation for 10 min at 12,000 ϫ g (Heraeus Sepatech), the A 280 was read against a blank. One unit of proteinase activity is defined as the amount of enzyme that yields the equivalent of 1 mol of tyrosine per min under the conditions described above.
Electrophoretic analysis and molecular mass determination. Analytical gel electrophoresis was carried out with vertical polyacrylamide gel plates as described previously (25) with the Minigel Double Camera Unit (Bio-Rad; Biometra, Göttingen, Germany). SDS gel electrophoresis was performed as described previously (35) with the same unit. Protein bands were made visible by staining with silver as described previously (6) . For determining the proteolytic activity, SDS gel electrophoresis was also carried out with PAGE plates, but containing 0.1% gelatin as described previously (20, 28) . After electrophoresis, the gels were incubated in glycine buffer (100 mM, pH 8.5) at 80ЊC for 30 min. The marker proteins employed were phosphorylase b (94 kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), and soybean trypsin inhibitor (20.1 kDa). The polyacrylamide gradient gel electrophoresis was performed as described previously (1, 43) with Mini Protean II plates (4 to 20% acrylamide) from Bio-Rad.
Isoelectric focusing. Isoelectric point determination was carried out with Ampholine PAGE plates (pH 3.5 to 9.5) by use of a Multiphor II electrophoresis unit (model 2117; Pharmacia LKB, Freiburg, Germany) as described in the instructions of the manufacturer. Pharmacia pH 3 to 10 isoelectric point calibration standards were used. The protein bands were stained with Serva Blue as described previously (49) .
Influence of pH and temperature. The pH optimum of the proteinase activity was determined at 80ЊC in a buffer mixture consisting of 50 mM each 2-(Nmorpholino)ethanesulfonic acid, Tris, and glycine, with pH values ranging from 5 to 11. The temperature optimum was determined by incubation of the purified enzyme in 50 mM glycine buffer (pH 8.0) for 30 min at the temperatures indicated and measuring the proteolytic activity as described above. A water bath was used for incubations in the temperature range of 50 to 90ЊC, while an oil bath was used in the temperature range of 90 to 110ЊC. For enzyme thermostability, samples were incubated under aerobic conditions at 80, 90, and 110ЊC, and the residual proteolytic activity was measured at various time intervals. In all cases, the incubation was conducted in closed Hungate tubes to prevent evaporation of the solution.
Effect of proteinase inhibitors, metal ions, and SDS. The following proteinase inhibitors were added to give a final concentration of 1, 2, or 5 mM: EDTA, phenylmethylsulfonyl fluoride, diisopropylfluorophosphate, 4-(2-aminoethyl)-benzylsulfonylfluoride (Pefabloc SC), N-acetyl-Leu-Leu-Arg-aldehyde (leupeptin). The mixture (450 l) containing 0.25% casein in 50 mM glycine buffer (pH 8.0) was incubated with 50 l of enzyme solution for 1 h at room temperature and for 15 min at 85ЊC. The residual proteinase activity was then measured as described before. For determining the influence of metal ions, the same procedure was used except that the reaction mixture was incubated with the respective salt (CaCl 2 , CoCl 2 , MgCl 2 , MnCl 2 , NiCl 2 , or ZnCl 2 ) for 15 min at room temperature, and then the activity was measured as described before. The activity without metal ions was considered as 100%. The proteinase assay was also performed after 15 min of preincubation of the enzyme with 0.2, 0.4, and 1% SDS. The activity without SDS was considered as 100%.
Enzyme kinetic measurements. The hydrolysis of synthetic chromogenic substrates (amino acid p-nitroanilides [pNAs] and p-nitrophenyl esters) was monitored spectrophotometrically at 405 nm by the release of p-nitroaniline or pnitrophenol against a blank without enzyme. The enzyme solution and 0.2 M phosphate buffer (pH 7.8) were incubated for 3 min at 80ЊC in the cuvette installed in the cuvette holder. The reaction was initiated by the addition of substrate solution in dimethyl sulfoxide (the maximal dimethyl sulfoxide concentration in the reaction mixtures was 5% [vol/vol] ). The initial rates were calculated from product accumulation curves, by using molar absorption coefficients for p-nitroaniline and p-nitrophenol, determined with the reaction buffer at 80ЊC. The hydrolysis of phenylglycine amide was determined by monitoring the substrate consumption by high-performance liquid chromatography (HPLC). The analysis was performed on a chromatography system (LKB, Bromma, Sweden) consisting of a solvent delivery system, a gradient controller, a UV-Vis detector, and a column oven. An RP-18 (5-m) column (Merck) was used at 50ЊC. The elution was isocratic with 25% (vol/vol) methanol and 65% (vol/vol) 0.067 M KH 2 PO 4 (pH 6.0), and detection was at 225 nm. At least six different substrate concentrations were used, and the steady-state kinetic parameters were calculated by use of the Eadie-Hofstee transformation of the Michaelis-Menten equation. The standard deviation of the kinetic constants was less than 10%. The molar concentration of the enzyme was estimated from the protein content.
To study whether the enzyme can be used as a transferase in kinetically controlled peptide synthesis, where water and an amino acid amide compete to deacylate a possible acyl enzyme, the following experiment was performed (26) . The enzyme was added to a solution of 10 mM L-phenylglycine amide and 100 mM L-Leu-NH 2 in 0.2 M carbonate buffer (pH 9.0) and incubated at 55ЊC. After different times, a sample was withdrawn from the reaction mixture and analyzed by HPLC as described above. From the initial rates of formation of the dipeptide (transferase product [v T ]) and L-phenylglycine (hydrolase product [v H ]), the ratio of the apparent second-order rate constants for the transferase and hydrolase function [(k T /k H ) app ] was determined by the following relation (26)
). The dipeptide content was determined from the mass balance for phenylglycine.
Fluorescence measurements. The fluorescence spectra of the enzyme in the temperature range of 30 to 120ЊC were measured with a model RF-540 spectrofluorophotometer (Shimadzu, Kyoto, Japan; excitation at 280 nm, excitation slit width of 5 nm, emission slit width of 2 nm). For the temperature range of 30 to 90ЊC, a water thermostat was used to maintain the temperature in the cuvette. For the range 90 to 130ЊC, the enzyme solution was preincubated in an oil bath for 15 min in closed Hungate tubes, and the spectra were recorded at 90ЊC.
RESULTS

Growth optimization.
To improve growth of and proteinase concentration in T. stetteri, physiological investigations were performed with batch, dialysis batch, and continuous cultures. In conventional batch culture fermentation at an agitation speed of 200 rpm, the maximal optical density measured was 0.5 and the total proteinase concentration was 40 U/liter. The increase in the agitation speed was paralleled by an increase in the final optical density. An agitation speed of 1,200 rpm was found to be optimal for growth. In all of these experiments, proteinase production increased in parallel with an increase in cell concentration. Growth of T. stetteri was also positively influenced by cultivation in a dialysis membrane reactor (Fig.  1) . The optical density was raised to 3.5. To decrease the concentration of inhibitory products formed during fermentation and supply cells with nutrients, fresh medium was pumped continuously into the outer chamber of the dialysis reactor. The final optical density was measured at 7.5. Accordingly, increases in growth (optical density from 0.5 to 7.5) and, consequently, in proteinase level (from 40 to 400 U/liter) were achieved. Under all of these conditions, only 5% of the proteinase activity was detected in the supernatant. Further investigations were performed with continuous culture to increase the level of the extracellular enzyme in the supernatant. Maximal cell concentrations were found at a dilution rate between 0.1 and 0.15 D
Ϫ1
, a pH of 6.7, and with 0.5 to 0.6% tryptone, 0.025% yeast extract, and 10 mM ammonia. In continuous culture, the level of the extracellular enzyme was also not higher than the one observed in batch culture. Enzyme purification. Since unsatisfactory results were obtained with proteinase solubilization from the cells by treatment with chaotropic salts (urea) or detergents (CHAPS), further experiments were performed with the extracellular cellfree enzyme. For the purification of the extracellular proteinase, the supernatant was concentrated with an Amicon filter with a 10-kDa cutoff. Zymogram staining of the concentrated supernatant in SDS-polyacrylamide gels containing 0.1% gelatin showed a large number of clear zones of proteolytic activity. A 6.4-U amount of the proteinase (16.8 mg of protein) was applied to a preparative SDS-7.5% (wt/vol) polyacrylamide gel. During electrophoretic separation at 220 V, the fractions (60 to 165; 3.5 ml per fraction) containing proteolytic activity were collected and concentrated. After this single step, the extracellular proteinase was purified 67-fold with a specific activity of 25.6 U/mg of protein (Table 1) .
Electrophoretic analysis. In native polyacrylamide gels (4 to 20%), two protein bands possessing protease activity with molecular masses of 80 and 142 kDa were observed. If the purified enzyme was subjected to SDS-PAGE, only one protein band with a molecular mass of 68 kDa was observed. In spite of the presence of SDS in the gels, proteolytic activity was detectable (Fig. 2, lane A) . According to these results, the native gel band of 80 kDa corresponds to the 68-kDa SDS band. The 142-kDa band is the result of dimerization. If the purified homogeneous enzyme, however, was stored for more than 24 h at 4ЊC, then the enzyme (protein band a) was autolytically hydrolyzed to protein bands b and c (Fig. 2, lane C) . This resulted in the formation of two new side bands, which were proteolytically active (Fig. 2, lane B) . As a result of the same effect, the isoelectric focusing analysis showed, in addition to the main band with an isoelectric point of 4.75, two side bands with isoelectric points of 4.0 and 4.5.
Stability in the presence of SDS. As shown above, proteolytic activity was detectable in the SDS gel even without dialysis of the gel against Triton X-100. In vitro experiments were therefore performed in the presence of SDS at different concentrations. In the presence of 0.4% SDS, the proteinase activity was 184% compared with the reference measurement without SDS. More than 70% of proteinase activity was still measurable in the presence of 1% SDS.
Influence of pH and temperature. The pH activity profile was measured in the pH range of 5 to 11. The optimum was determined to be at pH 8.5 (Fig. 3B) . About 20% of the proteinase activity was still detectable at the pH extremes of 5 and 11. The enzyme was active in a very broad temperature range, with an optimum at 85ЊC (Fig. 3A) . Thirty percent of the proteolytic activity was still present at 100ЊC. The incubation of the enzyme without substrate at 80ЊC over a period of 35 h caused no loss of activity. The half-lives of the enzyme at 90 and 100ЊC were found to be 22 and 2.5 h, respectively. In the presence of casein, the half-life of the enzyme at 100ЊC could be extended to 5 h.
Effect of proteinase inhibitors and metal ions. To determine the type of the proteinase from T. stetteri, a number of inhibitors were tested. The proteolytic activity was completely inhibited by the serine proteinase inhibitor phenylmethylsulfonyl fluoride. The rest of the inhibitors showed only partial inhibition (Table 2 ). After incubation of the enzyme with different divalent metal ions, the residual activity was measured. The ions (1 to 5 mM) of Ca, Co, and Mg did not have a significant effect on the proteolytic activity. The Zn, Ni, and Cu ions, however, were inhibitory. In the presence of 5 mM concentrations of these ions, the residual activities were 46, 43, and 13%, a Protein content and proteolytic activity were determined as described in Materials and Methods. respectively. On the other hand, NaCl was shown to have a positive effect: in the presence of 0.5 M NaCl, the proteolytic activity increased to 170%.
Substrate specificity and stereospecificity. The specificity for the amino acid residue (P 1 ) in the direction of the NH 2 end adjacent to the hydrolyzed peptide bound and the stereospecificity (45) of the enzyme were tested with different amino acid derivatives (Table 3) . Hydrolysis of N-protected Ala and Asp pNAs was not detected. pNA without amino-protection (HPhe-pNA) was also not hydrolyzed. The highest specificity constants for amides were determined for benzoyl-Arg-pNA and succinyl-Phe-pNA. The observed esterase (benzyloxycarbonylPhe p-nitrophenyl ester) activity was about 3 orders of magnitude higher when compared with the amidase (succinyl-PhepNA) activity. Hydrolysis of the tested D-enantiomers was not detected. Further experiments showed that the proteinase also acts as a transferase, catalyzing the acyl transfer from protected amino acid ester or amide (benzoyl-Arg-O-methyl ester, benzoyl-Arg-NH 2 ) to amino acid amides as nucleophile (HPhe-NH 2 ) with the apparent ratio of the rate constants for transferase and hydrolase function (k T /k H ) app of about 3,000 (26) . This is only possible with peptidases forming acyl-enzyme intermediates (26) .
Fluorescence spectra. The fluorescence spectra of the enzyme in 50 mM phosphate buffer (pH 7.8) in the temperature range of 30 to 130ЊC are shown in Fig. 4A . In the range of 30 to 90ЊC, the wavelength of maximal fluorescence emission ( max ) was found to decrease from 342 to 335 nm. The quantum yield also decreased with temperature. The observed change was completely reversible by decreasing the temperature from 90 to 30ЊC. At 130ЊC, there is a poorly defined maximum for the tryptophan fluorescence at 360 nm, and a small peak for tyrosine fluorescence (308 nm) is seen. As a reference, fluorescence spectra of tryptophan in media with different polarities were recorded at 70ЊC. The emission wavelength maxima are at 352 and 342 nm in buffer and ethanol, respectively (Fig. 4B) . The fluorescence spectra of the enzyme in the presence of SDS were also measured at different temperatures. At 30ЊC, SDS concentrations up to 2% did not influence the emission wavelength maximum (342 nm) (Fig.  4C) . At 85ЊC, SDS concentrations up to 2% did also not affect the max (336 nm) significantly (Fig. 4D ).
DISCUSSION
Cultivation of T. stetteri in a dialysis fermentor resulted in an increased cell concentration and consequently in an increased proteinase level. In such a fermentor, the inhibitory effect of low-molecular-mass products is reduced and at the same time the cells in the inner chamber are provided with nutrients that can diffuse from the outer chamber. Independent of the cultivation techniques (batch, fed-batch, or continuous culture), only 5% of the proteinase was secreted into the culture fluid. Because of the difficulty in solubilizing the cell-associated proteinase (approximately 95%), further experiments were performed with the extracellular enzyme found in the supernatant.
Analysis of the purified enzyme under native and denaturing conditions proved that the enzyme was composed of a single polypeptide chain with a molecular mass of 68 kDa. The appearance of side bands in SDS as well as in isoelectric focusing gels is apparently due to autolysis during storage. This has also been observed for the proteases from P. furiosus (7) . The inhibition studies reveal that the T. stetteri proteinase is a serine type of proteinase (Table 2) . Since most of the tested divalent metal ions have no significant effect on the proteinase activity, it can be assumed that the enzyme does not require additional metal ions for proper folding. T. stetteri is a marine archaeon (39) , and its natural growing medium contains 2.5% (0.43 M) NaCl. This can explain the activation of the enzyme by 0.5 M NaCl. The NaCl probably destroys some salt bridges or reduces the ion-ion repulsion which is necessary for proper folding.
The T. stetteri enzyme displays a relative narrow substrate specificity (Table 3) , catalyzing the hydrolysis of N-protected pNAs of basic (Arg or Lys) or hydrophobic (Phe or Tyr) amino acids. Derivatives of neutral (Ala) or acidic (Asp) amino acids were not hydrolyzed. In a previous study (29) , it was shown that unpurified enzyme also cleaves peptide pNAs containing Lys, Arg, and Phe in the P 1 position. Thus, the proteinase behaves simultaneously like trypsin and ␣-chymotrypsin-like enzymes. It is an endopeptidase. The hydrolysis of amino acid pNAs without amino-protection was lower than the detection limit. As with trypsin and ␣-chymotrypsin, the proteinase displays esterase activity several orders of magnitude higher than the endopeptidase activity. It is probable that, as for the mesophilic enzymes, this difference is determined not by the enzyme-substrate interaction but by the structure of the hydrolyzed bond (2) . Phenylglycine amide was also attacked by the enzyme with a specificity constant 3 orders of magnitude lower than that for the amino acid pNAs. The catalytic efficiency of the T. stetteri enzyme at 80ЊC is of the same order of magnitude when compared with that of trypsin and ␣-chymotrypsin at their optimum temperatures. The highest specificity constant determined for the proteinase activity was 10 4 M Ϫ1 s Ϫ1 (for benzoyl-Arg-pNA hydrolysis), and the highest specificity constants for ␣-chymotrypsin-and trypsin-catalyzed hydrolysis of amino acid pNAs are 0.6 ϫ 10 4 and 0. (4) . Analogous constants have also been observed for ␣-chymotrypsin-like enzymes from the archaeon Sulfolobus solfataricus (9) . Thus, the expected higher reaction rates with the thermophilic enzyme at its optimal temperature were not observed. It has also been noticed in a review (13) that in almost all instances, thermophilic enzymes at their optimal temperatures exhibit kinetic parameters of the same order of magnitude as the mesophilic enzymes do at their optimal temperatures. This apparent limitation probably reflects the restrictions of the conformational flexibility (48) , which should be coincident with the thermal stability, relative narrow substrate specificity, and very high stereospecificity. Actually, within the detection limit, no hydrolysis was observed with the tested D-amino acid derivatives (benzoyl-D-Arg-pNA and D-phenylglycine-NH 2 ). The inhibition studies (Table 2) and the observed similarity of the enzyme to trypsin and ␣-chymotrypsin suggest that the enzyme should obey the acyl-enzyme mechanism. The proteinase could then catalyze kinetically controlled peptide synthesis (26) . Our experiments showed that the enzyme can also act as a transferase, catalyzing the acyl transfer from protected amino acid ester or amide (benzoyl-Arg-O-methyl ester or benzoyl-Arg-NH 2 ) to amino acid amide as nucleophile (H-Phe-NH 2 ). The observed (k T / k H ) app of about 3,000 is the same order of magnitude as those observed for mesophilic serine proteinases (27) . Since this ratio for mesophilic enzymes decreases with temperature (26) , additional experiments are necessary for quantitative evaluation of the synthetic potential of the thermophilic proteinase. The native Trp fluorescence is dominant in proteins and widely used for structural and denaturation studies of enzymes from mesophilic organisms (17, 18, 23, 50) . It may also be useful in studies of the mechanisms of thermostabilization of extremely thermostable enzymes. For free Trp at 70ЊC, the wavelength of maximum fluorescent emission ( max ) shifts from 342 nm in ethanol (less-polar environment) to 352 nm in buffer (polar environment) (Fig. 4B) . The observed changes in the max at different temperatures for T. stetteri proteinase (Fig. 4A) are an indication of a change of the polarity of the Trp environment. The shift from 342 to 335 nm in the temperature range of 30 to 90ЊC suggests that the exposure of the tryptophans to the aqueous environment decreases. The opposite has been found for mesophilic enzymes, where max increases with temperature (17) . The complete reversibility of the thermophilic enzyme in the temperature range of 30 to 90ЊC is evidence that at least up to 90ЊC, the native protein structure is retained. At 130ЊC, the poorly defined maximum at 360 nm indicates at least partial unfolding and exposure of the Trp residues. At this temperature, the Tyr fluorescence seems to be separated (maximum at 308 nm), i.e., no transfer of electron energy between Tyr and Trp could occur in the unfolded molecule. With increasing temperature, as a result of higher vibrational and rotational freedom and consequently higher efficiency of internal conversion (8) , the fluorescence intensity decreases (Fig. 4A) . Similar diminishing fluorescence intensity has been observed previously (34) . The fluorescence spectra in the presence of SDS ( Fig. 4C and D) showed that at 30 and 85ЊC, the protein is not denatured, at least up to a concentration of 2% SDS. This is in good agreement with the SDS resistance of the enzyme and the enhanced proteolytic activity in the presence of SDS.
The proteinase from T. stetteri described in this report displays, along with high thermostability, resistance to SDS, relatively narrow substrate specificity, apparently limited catalytic efficiency, and extremely high stereospecificity. The few available data in the literature on proteinases from thermophilic microorganisms confirm that the thermostability is associated with the properties described above (7, 9, 24, 48 ). An SDSresistant protease from the hyperthermophile P. furiosus, which grows optimally at 100ЊC and is phylogenetically distinct from T. stetteri, has also been described. The enzyme of P. furiosus, which has a molecular mass of 66 kDa, is optimally active at pH 7.0 and 95ЊC, which are unlike the optimal parameters of the enzyme of T. stetteri (pH 8.5, 85ЊC). As far as the particular native conformation is governed by the primary structure, additional comparison studies concerning amino acid composition and sequence are necessary for a better understanding of the proteinase thermostability and the properties associated with it. This could be of relevance for special biotechnological applications of this and other thermostable enzymes.
